Summary. -Watermelon mosaic virus (WMV) is a member of the genus Potyvirus, which is the largest genus of plant viruses. WMV is a signifi cant pathogen of crop plants, including Cucurbitaceae species. A WMV strain, designated as WMV-Pg, was identifi ed in transcriptome data collected from ginseng (Panax ginseng) root. WMV-Pg showed 84% nucleotide sequence identity and 91% amino acid sequence identity with its closest related virus, WMV-Fr. A phylogenetic analysis of WMV-Pg with other WMVs and soybean mosaic viruses (SMVs) indicated that WMV-Pg is a distinct subtype of the WMV/SMV group of the genus Potyvirus in the family Potyviridae.
Introduction
Potyvirus, the largest genus of plant viruses, causes considerable crop loss worldwide (Revers and Garcia, 2015) . Potyvirus virion is a non-enveloped virus, with fi lamentous and fl exuous capsid, and contains a linear positive-sense singlestranded (ss) RNA genome. Th e genome encodes an open reading frame (ORF) encoding a polyprotein that is cleaved into 10 mature proteins: P1-pro, HC-pro, P3, 6K1, CI, 6K2, VPg, NIa-pro, NIb-RdRp, and CP. Th e three virus-encoded proteases, P1 protease (P1-pro), helper component protease (HC-pro), and nuclear inclusion a protease (NIa-pro), are involved in this processing. P1-pro and HC-pro cleave a site at their own C-terminus, whereas NIa-pro is responsible for the proteolytic, co-translational processing of the remaining seven sites in cis and in trans manner (Adams et al., 2005) . In addition, a smaller polyprotein is also produced via a polymerase slippage mechanism within the P3 region, which is cleaved to P1-pro, HC-pro, and P3N-PIPO. Th ese mature proteins are required for replication, translation, packaging, movement, and transmission of the virus.
Watermelon mosaic virus (WMV) is a member of the genus Potyvirus with a relatively broad host range, and it is a significant pathogen of the Cucurbitaceae family plants (squashes, pumpkins, zucchinis, watermelons, cucumbers, and melons) in temperate and Mediterranean regions (Ali et al., 2006) . WMV was also identifi ed in Korean ginseng (Panax ginseng), which was designated as WMV-Insam (Jung et al., 2013) . WMV belongs to the bean common mosaic virus (BCMV) subgroup. Th e sequence identity of CP and the 3'-untranslated region (UTR) suggests that WMV and soybean mosaic virus (SMV) are two strains of the same species, although the biological and serological features of WMV and SMV diff er (Frenkel et al., 1989) . Th ere is evidence suggesting that WMV originated via interspecifi c recombination event between SMV-like and BCMV-like viruses within the P1 region (Desbiez and Lecoq, 2004) . Moreover, multiple intraspecifi c recombinants among WMV strains have been identifi ed; therefore, classifi cation of these viruses solely based on a portion of the genome is diffi cult (Desbiez and Lecoq, 2008) .
In this study, transcriptome data collected from ginseng in China were analyzed to identify RNA viruses that infect ginseng and a genomic sequence of a distinct WMV strain was identifi ed. Sequence and phylogenetic analyses were performed to determine the relationship of this strain among various strains in the BCMV subgroup.
Materials and Methods
Sequence analysis. Ginseng RNA-seq data (18 separate runs) were downloaded from the Sequence Read Archive (SRA) of the National Center for Biotechnology Information (NCBI; accession number PRJNA264354) (Wu et al., 2015) . Complete genome sequences of double-stranded (ds) RNA and ssRNA viruses were downloaded from the NCBI nucleotide database. BLASTN searches were performed to identify RNA virus-associated reads in the ginseng transcriptome data using the known RNA viral genome sequences as queries (Altschul et al., 1997) . SPAdes (version 3.7.1) was used to assemble collected virus reads into a contig (Bankevich et al., 2012) . Th en, a BLASTN search was repeated using the contig as query to collect left over virus reads and to extend the contig. Th e UPARSE agglomerative clustering method implemented in USEARCH was used to cluster viral sequences, with an identity threshold of 0.9 (Edgar, 2013) . Multiple sequence alignment was performed with MUSCLE, and a phylogenetic tree was inferred using the neighbor-joining method in MEGA7 (Kumar et al., 2016) 
Results and Discussion
To identify novel RNA viruses that infect ginseng, 99.6 gigabases of RNA-seq data (18 separate runs) that were obtained from ginseng roots, stems, and leaves collected in China were analyzed (Wu et al., 2015) . A contig of 10,046 bp was assembled from a RNA-seq run derived from ginseng root (SRA accession number: SRR1653717). A sequence similarity search against all known viral sequences showed that the contig was a full-length genome of a novel member of the genus Potyvirus. Th e closest virus was a WMV-Fr strain with 84% overall nucleotide sequence identity and 91% amino acid sequence identity. Because it was a distinct WMV identifi ed from ginseng (Panax ginseng), the putative virus was designated as WMV-Pg.
Th e WMV-Pg genome (NCBI Acc. No. KX926428) has an ORF encoding a polyprotein of 3,218 amino acids with nine putative cleavage sites, which are predicted to produce 10 mature proteins ( Fig. 1 and Supplementary Table S1) . Th e cleavage sites producing P1-pro and HC-pro were concordant with the consensus sequences I-X-H-Y/S and Y-X-V-G/G, respectively, where X is any amino acid and "/" is the cleavage site. Th e other seven sites cleaved by NIa-pro have conserved motifs of V-X-X-[QE]/[SAG], which are in agreement with previously reported cleavage sites in other Potyvirus species (Adams et al., 2005 ). An alternative ORF PIPO generated by polymerase slippage which would produce the 11 th mature protein, P3N-PIPO, was identifi ed.
Th e overall sequence identities between WMV-Pg and representative Potyvirus species of the BCMV subgroup are shown in Table 1 (amino acid) and Supplementary Table S2 (nucleotide). Th e nucleotide and amino acid sequence identities were 71-84% and 71-91%, respectively, and the Supplementary Table S2) , which supported the previous observation that WMV originated from an ancestral recombination event between a BCMVlike virus and a SMV-like virus that occurred within the P1 region (Desbiez and Lecoq, 2004) . For the phylogenetic analysis of WMV-Pg and related Potyvirus species, the whole genome sequences of WMV, SMV, CLLV, WVMV, and EAPV strains were identifi ed using a BLASTN search of the NCBI database. Collected sequences were clustered using the UPARSE agglomerative clustering method implemented in USEARCH, with an identity threshold of 0.9 (Edgar, 2013) . When there were multiple sequences in a cluster, one representative sequence was selected (Supplementary Table S3 ). A multiple alignment of representative sequences was constructed and a phylogenetic tree was inferred using the neighborjoining method (Fig. 2) . In this tree, WMV-Pg did not form a cluster with any other strains, indicating that WMV-Pg is a distinct subtype. All previously reported WMVs, except WMV-KF274031, were clustered into one group represented by WMV-Fr, which is the virus most closely Fig. 2 Phylogenetic tree of WMV-Pg and related representative Potyvirus isolates Th e isolates were clustered based on sequence similarity. Th e SMV-N, CLLV-m19, and WMV-Fr clusters contain 87, 3, and 81 sequences, respectively. Numbers at the nodes are the bootstrap values (percentages) of 1,000 replicates. Th e EAPV-AO strain was used as an outgroup. See Supplementary Table  S3 for the list of sequences analyzed. related to WMV-Pg. Th e WMV-Fr cluster contained 81 strains and isolates collected from various plant species in wide geographic regions. Th e strains were isolated from various Cucurbitaceae species, Dendrobium anosmum (orchid), and Minthostachys verticillata (peperina) in Europe (France and Italy), America (USA, Argentina, Venezuela, and Chile) and Asia (Turkey, Iran, Pakistan, India, China, and South Korea). Interestingly, there were at least 23 WMV isolates collected from Panax ginseng in South Korea (see Supplementary Table S3 ). However, these isolates were clustered with WMV-Fr but not with WMV-Pg. Th erefore, we conclude that WMV-Pg is a distinct strain that may infect ginseng.
The phylogenetic relationships among WMV/SMVrelated viruses suggest that a taxonomic reorganization of these viruses should be considered. For example, SMV-Am formed a clade with WMV-KF274031, which, in turn, was in a sister clade of the WMV-Pg/WMV-Fr clade; the CLLVm19 cluster was in a clade embedded within the SMVs; and SMV-Uraria was more distant from the WMV/SMV group than WVMV-Bj. Th erefore, a systematic regrouping of these viruses is required.
In conclusion, the genome sequence of WMV-Pg was identifi ed in an analysis of Panax ginseng root RNA-seq data. We have showed that, WMV-Pg is a novel distinct subtype of the WMV/SMV group of the genus Potyvirus of the family Potyviridae.
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